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A Solid Oxide Fuel Cell Device With A Component Having A 
Protective Coatings and a method for making such 

Background of the Invention 

Field of the Invention 

[0001 J The present invention relates generally to coatings on metal components that are 
suitable for use in fuel cell devices, and particularly to protective coatings on stainless steel 
frames for supporting electrolytes in solid oxide fuel cell devices. 

Technical Background 

[0002] The use of solid oxide fuel cells has been the subject of considerable amount of 
research in recent years. The typical components of a solid oxide fuel cell (SOFC) comprise a 
negatively-charged oxygen-ion conducting electrolyte sandwiched between two electrodes. 
Electrical current is generated in such cells by oxidation, at the anode, of a fuel material, for 
example hydrogen, which reacts with oxygen ions conducted through the electrolyte. Oxygen 
ions are formed by reduction of molecular oxygen at the cathode. 

[0003] It is known that substrate type solid oxide fuel cells sometimes utilize metal alloys as 
separators. Such configuration is described, for example, in the article entitled "Electromagnetic 
properties of a SOFC cathode in contact with a chromium-containing alloy separator", by 
Yoshido Matsuzaki and Isami Yasuda, Solid State Ionics 132 (2000) 271-278. This article 
describes that when chromium-forming alloys are used as separators, the performance of SOFC 
cathodes rapidly degrades due to "Cr poisoning". 

[0004] The article entitled "Dependence of SOFC Cathode Degradation by Chromium- 
Containing Alloy on Compositions of Electrodes and Electrolytes", by Yoshido Matsuzaki and 
Isami Yasuda, Journal of Electrochemical Society, 148 (2) A126-A131 (2001) also describes the 
problem of "Cr poisoning". More specifically, the article states that "it should be of concern 
that chromium oxyhydroxide vapor generated from an oxide scale (Cr203), which is formed on 
the surface of most high temperature resistant alloys, degrades the performance of cathode under 
polarization." The article states that the amount of degradation was found to depend on the 
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composition of the electrolyte on which the electrode was prepared. The article then suggests, in 
order to reduce Cr poisoning, to use La^Sr 0 .4 Fe 0 .8O 3 and Ceo gSm 0.2O1.9 as the electrode and 
electrolyte respectively. 

[0005] The article entitled "A comparative investigation of chromium deposition at air 
electrodes of solid oxide fuel cells", by S.P. Jiang ,et al. ? Journal of European Ceramic Society 
(2002) 361-373 also describes the problem of Cr deposition on electrodes. More specifically, 
the article states that "Deposition process of chromium (Cr) species were investigated for the 0 2 
reduction on (La, Sr)MnC>3 (LSM), Pt and (La, Sr) (Co, Fe)C>3 (LSCF) electrodes in presence of 
chromium- forming alloy interconnect at 900°C under air flow. For the reaction on LSM 
electrodes, deposition of Cr species preferentially occurred on the zirconia electrolyte surface, 
forming a distinct deposit ring at the edge of the LSM electrode while at LSCF electrodes, Cr 
species deposited on the electrode and electrolyte surface, forming isolated Cr particles. In 
contrast, there was no detectable deposition of Cr species either on the electrode and electrolyte 
surface for the 0 2 reduction on Pt electrodes." That is, this article also suggests that in order to 
eliminate or reduce problems associated with Cr deposition on electrolyte/electrode surfaces, one 
is limited to making electrode/electrolyte from specific materials. 
[0006] It is known that at sufficient temperatures (e.g., about 725°C and above), yttria 
stabilized zirconia YSZ (Y203-Zr02) electrolytes exhibit good ionic conductance and very low 
electronic conductance. US Patent 5,273,837 describes the use of such compositions to form 
thermal shock resistant solid oxide fuel cells, 

[0007] US Patent Publication US2002/0 102450 describes solid electrolyte fuel cells which 
include an improved electrode-electrolyte structure. This structure comprises a solid electrolyte 
sheet incorporating a plurality of positive and negative electrodes, bonded to opposite sides of a 
thin flexible inorganic electrolyte sheet. One example illustrates that the electrodes do not form 
continuous layers on electrolyte sheets, but instead define multiple discrete regions or bands. 
These regions are electronically connected, by means of electrical conductors in contact 
therewith that extend through vias in electrolyte sheet. The vias are filled with electronically 
conductive materials (via interconnects). 
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Summary of the Invention 

[0008] One aspect of the invention a solid oxide fuel cell device comprises: 

(a) zirconia based electrolyte; 

(b) at least one electrode situated on the electrolyte; 

(c) a component situated in close proximity to the electrolyte, the component 
comprising at least one metal or metal oxide capable, at temperatures of above 
625°C, of: 

(i) migrating to the surface of this component, and 

(ii) being re-deposited on said at least one electrode; and 

(d) a protective coating situated on at least one surface of this component. The 
protective coating substantially prevents the at least one metal or metal oxide 
from leaving the surface of the component, which is situated under said protective 
coating. The protective coating is also being substantially impermeable to 
oxygen. 

[0009] In another aspect, the present invention includes a method of making a solid oxide fuel 
cell device which comprises the steps of : 

(a) providing a zirconia based electrolyte having at least one cathode situated on said 
electrolyte; and 

(b) providing a component having a protective coating on at least one surface of said 
component, said component being situated in close proximity to said electrolyte, 
said component comprising at least one metal or capable of, at temperatures of 
above 625°C, in absence of said protective coating: (i) migrating to said surface 
of said component, and (ii) being re-deposited as said metal or an oxide of said 
metal on said at least one cathode; and wherein protective coating substantially 
prevents said at least one metal from leaving said surface, said coating also being 
substantially impermeable to oxygen. 
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[0010] According to one embodiment of the present invention the step of providing a 
component having a protective coating on at least one surface further comprises: (i) coating a 
surface of said component with 1 \xm to 100 jim coating that when oxidized will become 
impenetrable to oxygen; (ii) oxidizing this coating to obtain said protective coating. 
[0011] One advantage of the solid oxide fuel cell device of the present invention that utilizes a 
protective coating is that that it provides improved performance due to minimization of 
undesired metal release, for example Cr, from the surface of metal containing component. Such 
metal containing component may be, for example, a stainless steel frame for supporting 
electrolyte, an interconnect, or a metal alloy separator utilized in a fuel cell device. According to 
one embodiment of the present invention the protective coating is an aluminum oxide coating 
with the thickness of 1 fxm to 100 |xm. 

[0012] Additional features and advantages of the invention will be set forth in the detailed 
description which follows, and in part will be readily apparent to those skilled in the art from that 
description or recognized by practicing the invention as described herein, including the detailed 
description which follows, the claims, as well as the appended drawings. 
[0013] It is to be understood that both the foregoing general description and the following 
detailed description present exemplary embodiments of the invention, and are intended to 
provide an overview or framework for understanding the nature and character of the invention as 
it is claimed. The accompanying drawings are included to provide a further understanding of the 
invention, and are incorporated into and constitute a part of this specification. The drawings 
illustrate various embodiments of the invention, and together with the description serve to 
explain the principles and operations of the invention. 

Brief Description of the Drawings 

[0014] Figure 1 is a schematic cross-sectional view of one embodiment of the present 
invention; 
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[0015] Figures 2A-2D are surface photographs of an electrochemically generated alumina 
oxide coating (on 446 stainless steel) at 50X, 200X, 500X and 2000X magnification, 
respectively. 

[0016] Figures 3A-3D are surface photographs of an thermally oxidized alumina oxide 
coating (on 446 stainless steel) at SOX, 200X, 500X and 2000X magnification, respectively. 

Detailed Description of the Preferred Embodiments 

[0017] Reference will now be made in detail to the present preferred embodiment s) of the 
invention, examples of which are illustrated in the accompanying drawings. Whenever possible, 
the same reference numerals will be used throughout the drawings to refer to the same or like 
parts. 

[0018] One embodiment of the solid oxide fuel cell device of the present invention is shown in 
Figure 1, and is designated generally throughout by the reference numeral 10. The solid oxide 
fuel cell device 10 comprises: (a) zirconia based electrolyte 20; (b) at least one electrode 30 
situated on the electrolyte; and (c) a component 50 situated in close proximity to the electrolyte 
20. This component 50 comprises at least one metal or metal oxide capable, at temperatures of 
above 625 °C, of: (i) migrating to a surface 52 of this component, and (ii) being re-deposited on 
the electrode(s) and/or other components. A protective coating 60 is situated on the surface 52 
of this component 50. The protective coating 60 substantially prevents the one metal or metal 
oxide from leaving the surface 52 of the component 50, which is situated under said protective 
coating 60. The protective coating 60 is also being substantially impermeable to oxygen. 

Examples 

[0019] The invention will be further clarified by the following examples. 
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Example 1 

[0020] A solid oxide fuel cell device 10 shown in figure 1 includes: (a) yttria-stabilized 
zirconia (YSZ) electrolyte sheet 20; (b) a plurality of electrodes 30 situated on the electrolyte 
sheet 20, including at least one cathode 32; and (c) a metal frame 50 supporting the electrolyte 
sheet 20 and the electrodes 30 attached thereto. In this embodiment the electrolyte sheet 20 
supports a plurality of cathode 32-anode 34 pairs and has a plurality of via holes filled with via 
interconnects 36. 

[0021] It is preferable that the frame 50 and the electrolyte sheet 20 have similar coefficients 
of thermal expansion (CTE). Thus, because zirconia based electrolytes have a CTE of 1 1 .4x10" 
6 /°C, it is preferable that the frame 50 has a CTE in the range of 10xlO" 6 /°C to 12.5xlO" 6 /°C. It is 
more preferable that the CTE of the frame 50 be in the 1 Ixl0" 6 /°C to 12xlO" 6 /°C range and most 
preferable that it is in 1 1.2xlO' 6 /°C to 1 1.7xlO" 6 /°C range. In this example the metal frame 50 is 
manufactured from the stainless steel 446 which has a CTE 1 1.6.xlO' 6 /°C. This stainless steel is 
an alloy of several metals, including Cr. However, when the stainless steel frame 50 is subjected 
to at temperatures of above 625 °C in an oxygen rich environment, in absence of the protective 
coating 60, Cr migrates to the surface of the frame 50, oxidizes to form Cr 2 03 and reacts with 
oxygen and water vapor to form Cr based vapor (Cr203 + 1 502 + 2H2O forms Cr02 (OH)2 
vapor). During the operation of a fuel cell (in the absence of the protective coating 60 on the 
stainless steel frame 50), the frame and the cathodes 32 are exposed to oxygen O 2 rich 
environment (anodes are exposed to hydrogen fuel and, therefore, are not effected to the same 
degree). The Cr based vapor Cr0 2 (OH) 2 is then deposited on the cathode/electrolyte interface 
(and other portions of the device) and degrades the performance of the solid oxide fuel cell 
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device. In order to overcome this problem, applicants utilized a protective coating 60 that 
covers at least one surface 52 of the frame 50. The protective coating 60 of this example is a 
non-electrically conductive aluminum oxide (AI2O3) coating. In this example, the frame 50 does 
not provide an electrical function. In this case, and others where the component 50 does not 
function as an electrical connector, it is advantageous for the protective coating 60 to be non- 
conductive. In this way potential electrical shorting among various fuel cell components may be 
avoided. Furthermore, coating 60 acts as a barrier and prevents Cr from leaving surface 52 of 
the metal frame 50. Because the protective coating 60 is also substantially impermeable to Cr 
and to oxygen ions, it prevents oxidation of Cr and thus the formation of chromium oxide C^O 3. 
Therefore the protective coating 60 prevents Cr2C>3 (also referred to as chrome herein) from 
being deposited on other fuel cell components (for example, electrolyte, cathodes, via 
interconnects) and from interfering with their functions, allowing optimum functionality. 

Example 2 

[0022] The aluminum oxide protective coating 60 may be produced by several methods. For 
example, it may be produced electrochemical oxidation of aluminum metal. Aluminum metal is 
first electrodeposited (using a nickel strike) on the component 50, for example stainless steel 
frame of example 1 . An aluminum coating can be electroplated from inorganic and organic 
fused salt mixtures and from solutions of aluminum in certain organic solvents. Commercial 
aluminum electroplating services are available, for example, from ^lumiPlate, Inc. of 8960 
Springbrook Dr., Minneapolis, MN 55433-5874 USA. 

[0023] In this example, a Ni strike was utilized to enable better aluminum coating of the 446 
stainless steel. Subsequently, the aluminum (Al) coating is electrochemically oxidized 
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(anodized) to aluminum oxide. Alternatively, aluminum oxide coating may be created by 
electroplating and subsequent thermal oxidation of Al coating. Whereas anodizing is typically 
associated with aluminum, similar processes may be used for other base metals, including 
magnesium, titanium, and zinc. These metals may also form protective coatings 60. 
[0024] Anodizing aluminum can be accomplished in a wide variety of electrolytic solutions, 
employing varying operating conditions including concentration and composition of the 
electrolytic solutions, presence of any additives, temperature, voltage, and amperage. The three 
principal types of anodizing processes are: (a) chromic processes using chromic acid as the 
electrolyte, (b) sulfuric processes performed at room temperature, and (c) hard anodizing 
processes that utilizes sulfuric acid alone or with additives, typically performed at low 
temperatures (0°C or less). 

[0025] For this embodiment of the present invention we utilized the hard anodizing process. 
The primary difference between the sulfuric acid and hard anodizing processes are the operating 
temperature, the use of additives, and the voltage and current density at which anodizing is 
accomplished. The hard anodizing process, also referred to as hard coat or type III anodizing, 
produces a considerable heavier coating then conventional sulfuric acid anodizing. In our 
experiment, we were able to produce alumina coatings of up to 100 micrometers thick. In this 
embodiment we anodization was performed at temperatures between 0 to 10 degrees C and with 
a current density between 20 and 35 mA/cm 2 . The resulting voltage in the galvanostatic mode 
can reach up to 100 volts towards the end of the process. If original aluminum metal layer is of 
high quality, this process results in high quality aluminum oxide layers with high density (low or 
zero porosity). Figures 2A-2D are the surface photographs of a lOOjirn thick electrochemically 
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generated alumina oxide coating (on 446 stainless steel) at 50X 5 200X, 500X and 2000X 
magnification, respectively. Because the coating is relatively thick one can see the presence of 
very fine cracks in the coating. The bright areas of the photographs indicate the presence of Cr 5 
Ni and Fe. Figures 2C and 2D illustrate chromium formation along a small (same) section of 
one of these cracks. A thinner protective coating 60 would be less likely to crack, and is, 
therefore, preferred. 

[0026] Figure 2 A shows very few bright chrome containing areas. Therefore, it illustrates 
that most of the coating surface does not contain chromium even in the presence of these cracks. 
Thus, alumina oxide coating generated by electrochemical oxidation of aluminum layer solves 
the problem of oxidation of the stainless steel hardware within the solid oxide fuel cell stack. Its 
existence prevents chromium loss and subsequent re-deposition on other cell parts with all the 
negative consequences for cell performance. 

[0027] Another method to produce aluminum oxide coating is via oxidation of aluminum layer 
on top of the substrate (for example, the 446 stainless steel) is thermal oxidation. This method 
exposes an aluminum layer to oxygen at high temperature (800°C) for appropriate duration of 
time (1-5 hours). Figures 3A-3D are the surface photographs of a 10-20jam thick almina (i.e., 
aluminum oxide) coating (on 446 stainless steel) generated by thermal oxidation at 50X 3 200X, 
500X and 2000X magnification, respectively. This is also a very good coating with only a few 
bright areas indicating the presence of Cr, Ni and Fe. (See Figure 3A.) During this process, due 
to high temperatures, some of the aluminum diffuses into the steel, possibly preventing crack 
formation and creating better adhesion. A combination of two methods (partial electro chemical 
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anodizing, followed by thermal oxidation) might avoid cracks, provide better adhesion, while 
allowing virtually no Cr to penetrate through the protective coating 60. 

[0028] More specifically the two processes were compared using identical original aluminum 
coating (1 00 micron thick). Both methods yielded good results. The effectiveness of the 
protective coating 60 is judged by the amount of Cr found on the alumina surface after an 
exposure to high temperature (800°C), for 1 to 5 hours. The protective coatings 60 prevented 
chrome from being formed on the surface of the frame 50. Thus, because of the protective 
coating 60, little or no chrome (Cr 2 C>3) will be deposited on the electrodes. It is preferable that at 
least 70% of the coated surface area and thus at least 70% of cathode or/and electrolyte 
surface(s) of oxide fuel cell device is not covered by chrome. It is more preferable that at least 
85% of the coated surface area and thus at least 85% of the electrolyte surface(s) is not covered 
by chrome. It is even more preferable that at least 90% of the coated surface area and thus at 
least 90% of cathode or/and electrolyte surface(s) is not covered by chrome. It is most preferable 
that at least 98% of the coated surface area and thus 98% of the cathode surface is not covered by 
chrome. 

[0029] Applicants also found that there is a minimum thickness of the non-electrically 
conductive alumina coating necessary to accomplish the desired protection. We have tested a 0.5 
micrometers alumina coating. The thinner alumina coating is not sufficient to protect the steel 
surface from forming chromium oxide. An aluminum oxide coating that is too thick may crack 
during the heat cycling because aluminum's coefficient of thermal expansion (CTE) is much 
different from that of stainless steel. However, a thin aluminum oxide coating is pliable and 
does not crack easily during heat cycling. Thus, a compromise thickness needs to be selected in 
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order to for the coating to be protective and, at the same time, not too thick to crack upon heat 
cycling. Therefore, it is preferable that the thickness of the protective coating 60 be between 1 
and 100 microns. It is preferable that the coating thickness be below 30 microns. It is more 
preferable that the coating thickness be between 1 and 20 microns and even more preferable that 
the coating thickness be between 5 and 20 microns. The optimum thickness appears to be 
around 10 microns. 

[0030] Iron-chromium-aluminum alloys (such as, for example stainless steel 406) will also 
generate an aluminum oxide coating upon oxidation and thus provide protective coating to 
prevent chromium from coming to the surface. However iron-chromium-aluminum alloys have 
higher thermal expansion than the zirconia elctrolyte as shown in the following table and thus 
may be unsuitable for use as components in some fuel cell configurations, such as a frame 
utilized in the solid oxide fuel cell of Figure 1. 
[0031] Table 1 provides CTE for some of these materials. 

Table 1 

Material CTE 
Zr0 2 electrolyte 1 1 .4x 1 0 _6 /°C 

Fe-20% Cr 446 stainless steel 1 L6x 1 0" 6 /°C 

Fe-20%Cr-5%Al alloys 14.5xl0' 6 /°C 

[0032] Other protective coatings, such as glass or zirconia based coatings may also be utilized. 
These coatings are also substantially impermeable to oxygen ions and prevents oxidation of Cr 
and formation of chromium oxide Cr 2 0 3 . An example of such coating is a metal oxide (e.g. ZrO 
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2, Al 2 03, YSZ) based coating formed in the following manner: (i) applying the metal oxide (e.g. 
ZrC>2, A1 2 0 35 YSZ) powder suspended in a solvent, for example arnyl acetate, by sponging, 
painting, or dipping; (ii) optionally utilizing a doctor blade to ensure coating uniformity; (iii) 
sintering to create a hard protective coating 60. Another method for applying such coating is 
plasma spraying— optionally followed by a sintering step. 

[0033] In accordance with the invention, the present invention for a method of making a solid 
oxide fuel cell device includes the steps of: 

(a) providing a zirconia based electrolyte 20 having at least one cathode 32 situated 
on said electrolyte; 

(b) providing a component 50 having a protective coating 60 on at least one surface 
52 of this component, the said coating 60 is substantially impermeable to oxygen 
ions. 

(c) The component 50 being situated in close proximity to the electrolyte 60. The 
component 50 comprises at least one metal 70 capable, at temperatures of above 
625 °C, in absence of said protective coating, of : 

(i) migrating to said surface of this component 50, and 

(ii) being re-deposited as said metal or an oxide of this metal on the 
cathode 32; and wherein protective coating substantially prevents the metal or the 
oxide of said metal from leaving surface 52. 

[0034] According to one embodiment the step of providing a component having a protective 
coating 60 on at least one surface 52 further comprises: (i) coating surface 52 with 1 |im to 
100|im coating that, when oxidized, will become impenetrable to oxygen; (ii) oxidizing this 
coating to obtain said protective coating 60. 

[0035] According to one example the oxidation step is electro-chemical oxidation (anodizing). 
According to another example, the oxidation step is thermal oxidation. According to one 
example, the coating step includes depositing aluminum on the surface and thermal oxidation 
step results in a dense aluminum oxide coating. 
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[0036] It will be apparent to those skilled in the art that various modifications and variations 
can be made to the present invention without departing from the spirit and scope of the present 
invention. Thus it is intended that the present invention cover the modifications and variations of 
this invention provided they come within the scope of the appended claims and their equivalents. 
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